The chemical composition of ether, ethyl acetate and dichloromethane extracts of Umbilicaria crustulosa and U. cylindrica were determined for the first time by HPLC-UV, GC-FID and GC-MS. The HPLC-UV analysis was revealed the presence of methyl orsellinate, lecanoric acid, crustinic acid, gyrophoric acid and atranorin in U. crustulosa extracts while in U. cylindrica extracts were detected following compounds: salazinic acid, norstictic acid, atraric acid, gyrophoric acid and atranorin. GC-FID and GC-MS analysis were enabled the identification of orsellinic acid (40.4%) and orcinol (48.1%) as main components of U. crustulosa extracts and atraric acid (8.5%) and orcinol (10.3%) in U. cylindrica extracts.
Lichen is composite organism of fungus (Ascomycota or Basidomycota) and algae or cyanobacteria. The Umbilicariaceae are the family of lichenized fungi in the division Ascomycota. The genus Umbilicariae is commonly known as rock tripe. Umbilicaria crustulosa (Ach.) Frey and Umbilicaria cylindrica (L.) Duby are widespread in alpine areas and the Northern Hemisphere. Their habitat is restricted to siliceous rock in different climates region including temperate, boreal, austral and warmer mountains [1] . Posner et al. reported three U. crustulosa chemotypes which were not related to morphological characters [1a] . All included gyrophoric acid as a main component followed by lecanoric, hiascic acid, crustinic acid and atranorin as minor components. Unlike them, Serina and Arroyo reported two chemotypes: gyrophoric acid type, with the gyrophoric acid as the main component (89.8±5.4%) followed by a smaller amount of lecanoric acid (4.5±1.5%) and crustinic acid (4.2±3.3%); crustinic acid type, with crustinic acid as the main component (78.6±6.9%) % followed by lecanoric acid (7.0±2.2%) and gyrophoric acid (13.9±5.8%) [1b] . U. cylindrica appears as two chemotypes [1a] . One with no lichen substances and second with norstictic acid as main compound and connorstictic acid in tenfold smaller amount. Recent research of U. cylindrica samples from Serbia [1c] have revealed salazinic acid, noristictic acid, methyl β-orcinol carboxylate (syn. atraric acid) ethyl hematommate, usnic acid and atranorin as constituents of methanol and chloroform U. cylindrica extracts.
Thin layer chromatography and high performance liquid chromatography have been widely used methods for identification of lichen substances and the use of mass spectrometry coupled with gas chromatography recently became a method of interest for screening lichen substances [2a-2c] . Considering the lack of data on the chemical composition of extracts obtained using different solvents the aim of present study was GC-FID, GC-MS and HPLC-UV analysis of ether (E), ethyl acetate (EA) and dichloromethane (DCM) extracts of U. crustulosa and U. cylindrica for the first time. Results of HPLC analysis of U. crustulosa and U. cylindrica extracts are listed in the Table 1 . The structures of some identified components are given on Figure 1 (available as supplementary data). The results of GC-MS and GC-FID analysis of U. crustulosa and U. cylindrica extracts are presented in Table 2 (available as supplementary data). Orcinol was the main component in the U. crustulosa E and EA extracts (82.1% and 48.1%, respectively) while orsellinic acid was the second predominant component (10.5% and 40.5%, respectively). Most abundant components in DCM extract were sterols (80.4%), while atraric acid was the second dominant compound (12.5%). Palmitic and linoleic acid were represented in EA extract of total 1.9 % while their amounts were below 0.5% in the E and DCM extracts. In E extract of U. cylindrica the main component was orcinol (32.1%) and the second was atraric acid (14.1%). Dichloromethane and EA extracts were characterized by the presence of high amounts of sterols (81.1% and 67.5%, respectively). The total amount of dodecanol and tetradecanol is higher in E (43.2%) then in DCM (10.5%) and EA extracts (2.3%). The non-aromatic substances were detected in all investigated samples such as sterols which are in consistence with published data [1a] . The amount of sterols varies inside the species depending on the solvent used for extraction. Apparently, the total amount of sterols is higher in all examined extracts of U. cylindrica then in extracts of U. crustulosa. Some authors have believed that detected sterols are integral lichens metabolites while others suggest that sterols could have migrated from the host three to the lichen [3] . In this particular case we could conclude that sterols are metabolites of lichens due to the fact that examined species grow exclusively on rocks. Both E and EA extracts of U. crustulosa have contained higher amounts of orcinol then U. cylindrica. Atraric acid was present in all investigated samples in the considerable amounts. There is a question are the mono-aryl lichens components truly integral metabolites of lichens or they had been produced as artefacts during the process of isolation and identification. Orsellinic acid and orcinol could be obtained by thermal decarboxylation of gyrophoric acid during GC-MS analysis ( Figure  1 , available as supplementary data). GC-MS Analysis of isolated gyrophoric acid has shown that orcinol is dominant compound fallowed by orsellinic acid and their esters. Identification of methyl orsellinate by GC-MS and HPLC-UV analysis of U. crustulosa extracts has confirmed that this compound was integral component of extract and not only degradation product.
Comparing the results of GC-MS analysis of different lichen extracts it could be concluded that almost all samples contained substituted phenols (orcinol, β-orcinol or olivetol), atraric acid and sterols [2a-2c] . Monocyclic compounds detected by GC could be helpful to reveal the structural units of depsides and depsidones.
Results of HPLC-UV analysis were shown that tested population of U. crustulosa was gyrophoric chemotype. Determined composition was similar to previously examined population except the content of methyl orsellinate that was not detected in the previously examined extracts of U. crustulosa. In the present investigation, chemical composition of examined extracts of U. cylindrica was different from previously analyzed due to the absence of ethyl hemmatomate and presence of gyrophoric acid. Concerning the solvents, DCM in some extent extracted atranorin and usnic acid while E and EA extracted gyrophoric acid, norstictic acid, salazinic acid and monocyclic compounds such as methyl orsellinate and atraric acid.
Experimental
Lichen material: The lichens Umbilicaria crustulosa (Ach.) Frey (syn. Gyrophora crustulosa (Ach.) Schol) and Umbilicaria cylindrica (L.) Duby were collected in May 2015, at mountain peak Babin zub (1650 m above sea level, coordinates 43° 23' N, 22° 40' E; Stara planina mountain, Serbia) from the population growing on rock habitat (red sandstone, silicates). The samples (acquisition number 9373 and 9375) were preserved in University of Niš.
Extraction: Finely ground dry lichen thalli (2 g) were first subjected to ultrasound-assisted extraction with 10 ml of solvent (ether, ethyl acetate and dichloromethane, 30 min in ultrasound bath -UZK 8; Maget, Bela Palanka, Serbia); after that the extracts were left in the dark (at room temperature) for period of 24 hours. The extracts were filtered through 0.45 µm filter into vials for HPLC-UV, GC-MS and GC-FID analysis.
Analysis: HPLC analysis was performed on an Agilent, Zorbax Eclipse XDB-C18, 5 μm, 4.6×150 mm column, by using a liquid chromatograph (Agilent 1200 series), equipped with a diode array detector (DAD). For GC-MS and GC-FID was carried out by a 7890/7000B GC-MS-MS triple quadrupole system in MS1 scan mode (Agilent Technologies, USA) equipped with a Combi PAL sampler and Headspace for G6501B/G6509B. Identification of compounds was conducted by comparison of their linear retention indices (relative to C8-C40 n-alkanes on the HP-5MS column) with literature values and their MS with those from Wiley 6, NIST11, Agilent Mass Hunter Workstation B.06.00 software by the application of the AMDIS software. Table 2 , Figure 1 and 2. 
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